Abstract. An evaluation index system of county's agricultural scale management program was constructed. Based on the index system the level of county's agricultural scale management in Fujian Province was evaluated with Exploratory Factor Analysis (EFA) method. According to the evaluation results, four common factors were extracted and analyzed. Fifty-eight counties in Fujian province were divided into five categories in descending order of the agricultural scale management evaluation scores. The classification results show that class 4 makes up the largest proportion in all of the five classes, and class 3 makes up the second proportion. It means that agricultural scale management of Fujian Province is still in the middle minus levels and developing of agricultural scale management is far from complete.
Introduction
According to the New Type Urbanization Plan from 2014 to 2020 in Fujian Province released in May 2014 by provincial government, various forms of scale management should be developed by encouraging land use rights to transfer to professional investors, family farms, farmers cooperatives, and agricultural enterprises. To develop agricultural scale management, we need to understand the current level of development of different regions so then make scientific progress in accordance with local conditions. The purpose of this study is to evaluate the level of agricultural scale management in the 58 counties in Fujian province, and to analyze the evaluation results. The objective of this paper is as follows: first, to find and determine the evaluation index of the agricultural scale management on a county scale; second, to choose the measuring method for the agricultural scale management; and third, to collect data to evaluate the levels of agricultural scale management in Fujian province and analyze the evaluation results.
Construction of Evaluation Index System

Selection of Evaluation Index System
The research papers on the subject of "scale operation of agriculture", "scale operation of farmland", "scale of agricultural operation" and "scale of agricultural land operation" are abundant [1] . The existing research papers adopted to a single-index method to measure agricultural scale management. Yang (1985) discussed indexes commonly in single-index methods used to measure the scale of agricultural management [2] . He pointed out that the quantity of labor force and the quantity of the main production materials and the quantity of agricultural output were used frequently as measurement indices of the scale of agricultural management. He thought that the labor force index is an important index for measuring agricultural scale in the situations of low levels of agricultural productivity but the index is unable to correctly reflect the scale under the condition of technological intensive production because of the increasing importance of production tools. He also thought that the quantity of the main production materials must be combined with productivity in order to measure agricultural scale effectively and the quantity of agricultural output was the best index.
Using single-index method for measuring agricultural scale management level is a good choice for the micro-objects such as farmers, which is simple, intuitive and representative. On the county level or more macro level comprehensive index method is better than single-index method.
There are three reasons. First, it will cause great deviation if a single-index method continues to be used to measure the scale of agricultural operation in a certain geographical area, because there must be a large number of farmers with different scale sizes. Second, agricultural scale refers to not only the scale of input factors, but also production chain and agricultural output. Input factors include labor force, capital, technology and management. Production chain refers to the effective combination of agricultural before, during and post-production [3] . And third, county agricultural scale management level is a comprehensive concept, which covers farming, forestry, animal husbandry and fishery. They have different production characteristics and efficiency. Therefore, this paper adopts the comprehensive index method to measure the scale of county agriculture in order to include all production procedures and all kinds of agricultural industries in the evaluation system. This paper proposes a comprehensive index method to measure the scale of agricultural management on the county's scale from three dimensions (labor force, material for production and output quantity). Every dimension includes several specific indicators (Table 1 ). An important rule of indicators selection lies in the feasibility of empirical research, which means the availability of data.
Description of Evaluation Indicators and Data Sources
(1) Employed persons of agriculture, forestry, animal husbandry and fishery. This indicator refers to those who are engaged in agriculture, forestry, animal husbandry and fishery (not including their services ( 2) The concept of "per capita" should be strictly used for the employed persons who are actually engaged in a specific agricultural industry. Unfortunately, we cannot find such statistical data. On the county scale, we use "employed persons of agriculture, forestry, animal husbandry and fishery" as an approximation for the denominator of the indicators including "per capita". It means that the value of all the indicators including "per capita" are obtained by dividing total amount of the corresponding index by the indicator of "Employed persons of agriculture, forestry, animal husbandry and fishery". 
Evaluation Method
In recent years, the entropy method has been applied more in comprehensive evaluation [4, 5] . According to the ideas of the entropy method if an indicator value fluctuates wildly it will be allocated heavy weight. Otherwise it will be allocated light weight. Obviously this method is suitable for the risk control but it is not good to measure the agricultural scale management level because there is no correlation between the indices volatility and the scale of agricultural management. So this paper will use factor analysis to measure the level of agricultural scale management on county level rather than the entropy method.
Factor analysis began with the study of student test scores by Charles Spearman in 1904. After a burgeoning of work on the theories and mathematical principles, the method is used in many research fields such as behavioral and social sciences, medicine, economics and geography with the help of computer technologies [6] .
The two main factor analysis techniques are Exploratory Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA) [6] . In the paper we only use EFA. EFA tries to uncover complex patterns by exploring the dataset and testing predictions [7] . The basic idea of EFA is to group the original variables according to the correlation so that the correlation between variables intra-group is strong, and the correlation between variables inter-group is weak. Each set of variables represents a basic structure and is represented by an unobserved synthetic variable which is called a common factor. For the study of a specific problem, the original variables can be decomposed into two parts. One part is linear function that is composed of a few unobservable common factors; the other is special factors that have nothing to do with the common factors. The purpose of factor analysis is to find a few main common factors from intricate economic phenomena. Every common factor represents a kind of economic relevance among economic variables. Capturing these common factors can help us analyze and explain complex economic problems [8] . Further details about factor analysis method are described in Child (2006) and He (2007) [7, 8] .
The steps for using EFA to measure agricultural scale operation are: (1) to evaluate the eigenvalues and the contribution rate; (2) to establish the factor loading matrix; (3) to calculate the factor scores; and (4) to analyze results. In this paper, the statistical software SPSS 19.0 is used to process the data and the factor analysis.
Evaluation of Agricultural Scale Management on the County Level in Fujian Province: Based on EFA
Following the steps of EFA, the scale of agricultural management on county level in Fujian province will be measured based on the data from 2014.
To Evaluate the Eigenvalues and the Contribution Rate
First, the original data is standardized to eliminate the influence of the dimension and the order of magnitude of plus or minus.
The standardization calculation formula of positive index data is written as:
The one of negative index data is written as:
All of the evaluation indices are positive except Employed Persons of Agriculture, Forestry, Animal Husbandry and Fishery which is negative.
The value of Kaiser-Meyer-Olkin Measure (KMO) is 0.616, and the Bartlett's test of sphericity is 484.283 (p<0.001). The results of tests indicate that we do have patterned relationships amongst the variables and can acquire distinct and reliable common factors [6] .
The correlation coefficient matrix is established and its eigenvalues, contribution rate and cumulative contribution rate are obtained (Table 2) . 
Construct the Factor Loading Matrix
Four factors are extracted according to the rule of eigenvalue greater than 1. The cumulative contribution rate is 85.520%. Then the factor loading matrix is constructed based on the four factors. In order to better explain the significance of each of the extracted common factors, the initial factor loading matrix is rotated. Using orthogonal rotation method, the new factor loading coefficient is either as close to zero as possible or as far away from zero as possible (Table 3 ). In Table 3 , Factor 1 (F1) is named as "crop planting area and grain yield factor" because its weight on "grain crops sown area per capita、non-grain crops sown area per capita and output of grain per capita" is heavy. Factor 2 (F2) is named as "capital investment and aquatic products factor" because its weight on "expenditure for agriculture, forestry and water conservancy per capita, agricultural machinery power per capita, aquatic products per capita and value-added of primary industry per capita" is heavy. Factor 3 (F3) is named as "Non-food crop yields factor" because its weight on the indicator of output of non-grain crops per capita is heavy. Factor 4 (F4) is named as "Meat production factor" because its weight on "output of meat per capita" is heavy. 
Calculate Factor Scores
The purpose of calculating factors scores is to observe characteristics of each unit of analysis and the relationship inter-unit of analysis. By observing the scores of each county on various main factors, we can find which aspects are high level of development and which are still inadequate. By observing the total factor score, we can learn the scale level of agricultural management in each county and compare the level inter-county. The total factor score is used weighted summation of common factors. The weights are variance contribution rate. The calculation is: F = (31.433*F1+29.001*F2+14.071*F3+11.015*F4)/85.520
The calculating results of total factor scores about 58 counties in Fujian province in 2014 are listed in Table 4 . If the value of a county's total factor score is more than zero, it indicates that the county's scale level of agricultural management is above average. If the value is less than zero, it indicates that the county's level is below the average. By analyzing the frequency distribution characteristics of total factors score ( Table 5 and Figure  1 ), we can find: (1) The distribution of total factors score is approximately normal distribution. (2) The value of kurtosis is -0.674. It indicates that there are more counties which score is above average. (3) The median is just a little bit less than the average. It tells us there are no extremes. (4) The standard deviation is 0.5420. It means that the gap of agricultural scale is not big between most of the counties in Fujian province. (5) The full range is 2.0372. It means the gap of agricultural scale is great between the top county and the bottom one. 
Evaluation Results Analysis
Analysis on Scores of the Common Factors 1. Crop planting area and grain yield factor (F1). Shaowu, Mingxi and Qingliu are in the top three for F1 score. They have the best performance on the indicators of grain crops sown area per capita, non-grain crops sown area per capita and output of grain per capita. F1 plays the most important role in the evaluation system because crop planting area and grain yield have the heaviest weight. One can predict the three counties will rank among the best on the factor total score due to their excellent performance on F1. Pingtan, Fuqing, Dongshan, Shishi, and Lianjiang are in the lowest five for F1 score. Lianjiang is the worst of all counties on F1 because people in Lianjiang have small planting areas. 2. Capital investment and aquatic products factor (F2). Shishi, Dongshan, Lianjiang, Huaan and Changtai are in the top five for F2 score. Shishi and Dongshan have the most aquatic products and good performance on the indicators of "agricultural machinery power per capita" and "expenditure for agriculture, forestry and water conservancy per capita". Fuqing, Zhaoan, Zhangpu, Pinghe and Xianyou are in the lowest five for F2 score. Fuqing, Zhaoan and Zhangpu have poor performance on the indicator of "expenditure for agriculture, forestry and water conservancy per capita", and Pinghe and Xianyou have low aquatic products.
3. Non-food crop yields factor (F3). Pinghe, Yongtai, Nanjing, Changtai and Minhou are in the top five for F3 score. They have the most productive non-food crops yields thanks to developed famous brands with region characteristics of agricultural products such as sweet pomelos in Pinghe, dried plums in Yongtai, gold lotus and orchids in Nanjing and mandarin oranges in Changtai. Brand enhances the value of agricultural products which stimulates the enthusiasm and desire of scale production of the farmers. For example, most of the farmers in Pinghe urgently want to expand their sweet pomelos planting scale, but it is difficult to rent more land because everybody wants to expand the scale and the land is finite. Zhenghe, Jinjiang, Huian, Shishi and Anxi are in the lowest five for F3 score. Most of them have low non-food crop yields.
4. Meat production factor (F4). Guangze, Wuping, Nanjing, Shanghang and Yongding are in the top five for F4 score. It is worth noting that Guangze, the top of the list on F4, scored over 7. That is far beyond the other areas on the common factor. The reason is that an agricultural leading enterprise named Sunner is located in the territory of Guangze, which greatly increases meat production of the county. Qingliu, Anxi, Jinjiang, Jianning and Shishi are in the lowest five for F4 score. Most of them have low meat production.
Results Analysis of Total Factor Score
According to the total factor score on agricultural scale management in Fujian province in 2014, all the 58 counties are classified appropriately. When total factor score and common factors score are considered together-the 58 counties are divided into 5 types. The specific classification criteria and results are shown in Table 6 .
Type 1 has three counties: Shaowu, Mingxi and Qingliu. The three counties have the highest level of agricultural scale management because the planting crop area per capita is relatively large and the production of grain per capita is high in the three counties. The planting grain crops area of the three counties were 0.6945 ha, 0.6268 ha and 0.5190 ha respectively in 2014, while the average level of the 58 counties was 0.2488 ha. The planting non-food crops area is 0.3720 ha, 0.4160 ha and 0.5642 ha respectively, and the average level of the 58 counties was only 0.2280 ha. The total grain output per capita of the three counties was 3.7064 tons, 3.3105 tons and 2.7432 tons respectively in 2014. That was well above average (1.3856 tons). In addition, they have good performances on the indicators of agricultural machinery power per capita and expenditure for agriculture, forestry and water conservancy per capita. That consolidates their lead position.
The agricultural scale management level of type 2 is above the middle. Some counties in type 2 have sharp performance on one certain common factor, such as Meat Production Factor of Guangze, Capital Investment and Aquatic Products Factor of Shishi. Some counties have good comprehensive performance on two or three common factors, such as Jianning, Dongshan and Yongtai. Changtai, Shaxian and Fuan earn good total factor scores because all four common factors score just above average.
The agricultural scale management level of type 3 is in the middle. A common feature of the counties of type 3 is that one or two common factors scores are high but the others scores are low. For example, Wuping has high score on F1, but only gets minus scores on F2 and F3. It indicates the county has large planting crop area per capita and high grain production per capita but it has low agricultural capital investment and non-food crops production.
The agricultural scale management level of type 4 is below the middle. Even though some counties in this type perform well on the score of a common factor, the overall score is below zero due to the lower scores of the other common factors. For example, Nanjing earns good score that is in the top three on the factor of non-food crops yield factor, but it gets poor scores on F1 and F2 that leads to the total factor score is negative. Pinghe, Huaan and Dehua are similar to Nanjiang. Some counties of type 2 get minus scores on all four common factors such as Yongding, Shunchang, Zhangping, Pingnan, Yongchun, Zhenghe, Huian, Shouning, Fuding and Yunxiao. It indicates their performance on each aspect is comparatively poor. The agricultural scale management level of type 5 is low. One common feature of the counties in type 5 is that these counties have minus scores on all four common factors, the other is that they get very low score on F1 and F2 which are heavy weight factors in the evaluation index system of agricultural scale management. For these counties, there is still a long way to improve the level of agricultural scale management. In order to observe the differences between administrative cities in Fujian province the 58 counties are divided into two types according to the total factor score -below or above zero (Table  7) . Sanming and Fuzhou are the best administrative cities on the level of agricultural scale management. Many counties in these two cities have promoted the level of agricultural scale management by supporting regional agriculture. Relatively speaking, the level of agricultural scale management is low in Quanzhou, Zhangzhou and Ningde. It indicates that the government in the cities need to adjust the agricultural policy appropriately and pay more attention to the agricultural development. 
Summary and Discussion
Based on the concept of agricultural scale management, the evaluation index system of agricultural scale management on the county level is constructed. The index system includes three dimensions:
the total amount of agricultural labor force, the input of means of production and the agricultural output and 10 specific indicators. Based on the index system, the level of agricultural scale management of 58 counties in Fujian province is evaluated with factor analysis. Then the results of evaluation are classified into five types and analyzed according to the sequence of factor scores. From the evaluation results it is determined that many counties in Fujian province have a low level of agricultural scale management and Fujian province is still in the middle minus levels. Feasibility is an important consideration when choosing indicators in order to get empirical research data. This impacts the accuracy of the results. The other problem is about "per capita". "Per capita" should refer to the exact amount of labor force engaged in some type of agriculture, such as farming, forestry, animal husbandry and fishery industry, but we cannot get the data. It is suggested that statistics division in China collects and publishes more specific classification data about agriculture.
